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1. Introduction
In RAN1 #97 meeting, following working assumption is captured in the chairman’s note as:
Working Assumption
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 





In this contribution, we further discuss on full power transmission in case of codebook based uplink transmission with multiple power amplifiers.  
2. Discussions on full power UL transmission 
During previous meetings, it was intensively discussed on how to support full power UL transmission in case of codebook based UL at least for non/partial coherent UE. As an outcome, the working assumption has been made in the last meeting. In this working assumption, there are two modes in order to support full power UL transmission. One is based on introducing new UL codebook subset (or relaxing Rel-15 codebook subset), and the other is based on SRI and TPMI indication and/or power scaling. Both schemes can achieve full power UL transmission, thus the working assumption should be confirmed. Here, we found a typo in the second Note such that “no SRI” should be revised to “no TRI”. 
Proposal 1: Confirm the working assumption, with revising the second Note as “For single port, there is no TRI and TPMI”.
2.1 Remaining issues on Mode 1
Mode 1 is based on introducing new codebook subset only for the ranks where full power UL transmission is not achievable with the codebook subset defined in Rel-15. In case of non- and/or partial- coherent UE, it would not be beneficial to include all the TPMIs defined for full coherent UE, since the performance improvement by allowing all precoders may be marginal. Thus, in order to reduce signaling overhead, it is preferred to introduce new codebook subset as small as possible for non- and partial-coherent UE. 
In case of 2-port rank1 as in Table I, allowing TPMI 0-2 for non-coherent UE is enough. Thus, new codebook subset will be as in Table II. Note that in case of rank 2, full power UL transmission can be achieved with TPMI 0, any modification is not needed. 

 Table I. Precoding matrix W for single-layer transmission using two antenna ports.
	TPMI index
	
(ordered from left to right in increasing order of TPMI index)

	0 – 5
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Table II. New codebook subset for Mode 1 with 2 antenna ports.
	
	Non-coherent UE
	Full-coherent UE

	Rank 1
	TPMI index
	0-2
	0-5

	Rank 2 
	TPMI index
	0
	0-2


   Similar to two antenna ports, same principle can be applied to four antenna ports case. Therefore, for non-coherent UE, adding only 1 TPMI per rank (i.e., rank 1, 2 and 3) from partial coherent TPMI set can satisfy full power UL transmission. In case of partial coherent UE, only rank 1 transmission cannot achieve full power UL transmission. Note that partial coherent UE has capability to maintain relative phase of antenna ports partially, i.e., port (0, 2) and port (1, 3). Thus, in order to increase performance, adding at least 4 TPMIs from full coherent TPMI may be beneficial. Based on above discussion, new codebook subset for 4 antenna ports is listed in Table III. 

Table III. New codebook subset for Mode 1 with 4 antenna ports.
	
	Non-coherent UE
	Partial-coherent UE
	Full-coherent UE

	Rank 1
	TPMI index
	0-3, 12
	0-15
	0-27

	Rank 2
	TPMI index
	0-6
	0-13
	0-21

	Rank 3
	TPMI index
	0-1
	0-2
	0-6

	Rank 4
	TPMI index
	0
	0-2
	0-4



Proposal 2: Adopt Table II and III below as Mode 1 codebook subsets for 2 and 4 antenna ports cases, respectively. 
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Table III. New codebook subset for Mode 1 with 4 antenna ports.
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	Full-coherent UE

	Rank 1
	TPMI index
	0-3, 12
	0-15
	0-27

	Rank 2 
	TPMI index
	0-6
	0-13
	0-21

	Rank 3
	TPMI index
	0-1
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	Rank 4 
	TPMI index
	0
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2.2 Remaining issues on Mode 2 
[bookmark: _GoBack]In mode 2, each SRS resource within a SRS resource set can have different number of SRS ports. For example, 4 Tx UE can be configured with virtualized 2-port SRS resource and non-virtualized 4-port SRS resource. Normally, port virtualization is up to UE implementation, so we don’t see a strong need to increase the number of SRS resource supported, only for this Mode 2 based full power Tx case.
Proposal 3: It is not desired, only for Mode 2 in Rel-16 codebook based UL, that the number of supported SRS resources is increased. 

In case of UE capability 3, it is not clear how to support full power UL transmission without additional information of TPMIs to be used for full power UL transmission. Thus, it is desirable that gNB have information on which and how many ports are equipped with full-rated PA by reporting TPMIs or group of TPMIs. One might argue that such UE capability signaling may increase capability signaling overhead. To alleviate this issue, one simple solution can be for UE to report restricted TPMI set such as rank1 non-coherent TPMIs. With this solution, only additional 2bit or 4bit bitmap for 2 port or 4 port cases, respectively, is needed in order to provide the information of full-rated PAs to gNB. Since non-coherent TPMIs is port selection codeword, gNB may have full information of which TPMIs across all TRIs can be used for full power UL transmission
Proposal 4: For Mode 2 in Rel-16 codebook based UL, UE reports 2- or 4-bit bitmap as an UE capability signaling to indicate the full-rated PA to gNB.  

2.3 Power scaling for codebook based PUSCH transmission
Solution applied for UE capability 1 is based on the modification of current power control mechanism. For UE capability 1, all ports are able to transmit max power (e.g. 23 dBm for PC 3). Thus, in order to achieve full power uplink transmission regardless of indicated TRI and TPMI, power scaling value of “1/2” listed in Table IV for 2 antenna ports can be replaced to 1. 

Table IV. Power scaling values for 2 antenna ports.
	
	
	Non-coherent UE
	Coherent UE

	
	
	Non-coherent TPMI
	Non-coherent TPMI
	Fully coherent TPMI

	Rank 1
	TPMI index
	0,1
	0,1
	2~5

	
	Ratio 
	1/2
	1/2
	1

	Rank 2
	TPMI index
	0
	0
	1,2

	
	Ratio 
	1
	1
	1


An exemplary power control algorithm can be that UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. Here,  can be determined by RRC parameter, for instance,  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured SRS ports in a SRS resource. For UE capability 3, this approach is also applicable if the gNB has information on actual UE PA structure.

Proposal5: If UE reports UE capability 1 or 3, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured SRS ports in a SRS resource.
3. Conclusion
In this contribution, we further discussed on full power uplink transmission for non/partial coherent UE. Based on the discussion, we have the following proposal as:
Proposal 1: Confirm the working assumption, with revising the second Note as “For single port, there is no TRI and TPMI”.
Proposal 2: Adopt Table II and III below as Mode 1 codebook subsets for 2 and 4 antenna ports cases, respectively. 
Table II. New codebook subset for Mode 1 with 2 antenna ports.
	
	Non-coherent UE
	Full-coherent UE

	Rank 1
	TPMI index
	0-2
	0-5

	Rank 2 
	TPMI index
	0
	0-2


Table III. New codebook subset for Mode 1 with 4 antenna ports.
	
	Non-coherent UE
	Partial-coherent UE
	Full-coherent UE

	Rank 1
	TPMI index
	0-3, 12
	0-15
	0-27

	Rank 2 
	TPMI index
	0-6
	0-13
	0-21

	Rank 3
	TPMI index
	0-1
	0-2
	0-6

	Rank 4 
	TPMI index
	0
	0-2
	0-4


Proposal 3: It is not desired, only for Mode 2 in Rel-16 codebook based UL, that the number of supported SRS resources is increased. 
Proposal 4: For Mode 2 in Rel-16 codebook based UL, UE reports 2- or 4-bit bitmap as an UE capability signaling to indicate the full-rated PA to gNB.  
Proposal5: If UE reports UE capability 1 or 3, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured SRS ports in a SRS resource.




Appendix

Table 6.3.1.5-3: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled.
	[bookmark: _Hlk500155670]TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-






Table 6.3.1.5-5: Precoding matrix  for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 7
	

	

	

	


	8 – 11
	

	

	

	


	12 – 15
	

	

	

	


	16 – 19
	

	

	

	


	20 – 21
	

	

	-
	-




Table 6.3.1.5-6: Precoding matrix  for three-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4 – 6
	

	

	

	-




Table 6.3.1.5-7: Precoding matrix  for four-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 3
	

	

	

	


	4
	

	-
	-
	-
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